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Damped Lyα System Defined

•N(HI) > 2 x 1020 cm-2

✦ Dominant reservoir of 
neutral gas

✦ Large N(HI) =>                       
δρ/ρ >> 100

✦ Progenitors of modern         
day galaxies

•Identified in 
Absorption
✦ Optical depth weighted         

τ ~ n σ
✦ Not restricted to the     

bright end
✦ => Greater diversity of    

mass, luminosity, 
morphology



SDSS Database

•Quasar sample
✦ DR3:  over 40000
✦ z>2:  8000 quasars

•Auto DLA search
✦ Simple algorithm
✦ 2000 candidates

•Human analysis
✦ Visual verification
✦ Careful Lyα analysis

Prochaska & Herbert-Fort (2004)
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Sensitivity Function



Example Lyα Fits



1-100The fits...



101-200The fits...



201-300The fits...



301-400The fits...



401-500The fits...



501-600The fits...



601-700The fits...



701-739The fits...



NHI Histogram
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Sky plot
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•Minimum separation
✦ 3 arcminutes
✦ Dz = 0.1

•Minimum separation with δv < 1000 km/s
✦ 20 arcminutes
✦ clustering analysis?



fHI: NHI Frequency distribution
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•fHI(N)
✦ 525 SDSS DLA
✦ Single is poor
✦ Break NHI~21.5
‣ Ωg converges!!
‣ Are you convinced?

✦ ‘faint’ end: α ~ −2
✦ Bright end
‣ Steeper than -3

•z evolution
✦ Shape is invariant
✦ Normalization 

increases with z

α = −1.8



Line Density: lDLA(X)

• l(X)
✦ Incidence of DLA per 

‘absorption distance’
✦ Often written dn/dX
✦ DLA covering fraction  

l ~ n A

•Results
✦ l(X) decreases by 2x 

from z=3.3 to 2.3
✦ Minimal evolution at 

endpoints
✦ Is l(X) flat from z=2  

to today?!
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Neutral Gas Mass Density: Ωg

•Ωg
✦ Neutral gas density
✦ Cosmological quantity
✦ Reservoir for SF

•Results
✦ First evidence for 

significant evolution
✦ Also, a factor of ~2 

decrease from              
z = 3.3 to 2.3
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Theorists: Time to wake up!!



Implications of the Evolution
•Line density
✦ Either n or A (or both)            

drops by 2 in <1 Gyr
✦ Consider n
‣ P-S:  M* ~ 1010 Msun   (z=3)
‣ M >> M* have n increasing
‣ M << M* have n nearly const

✦ Therefore, A is changing

•Ωg
✦ Gas density drops by 2
✦ Consider physical processes
‣ SF:  Unlikely, SF peaks below z=2
‣ Ionization:  Unlikely, EUVB constant
‣ Feedback:  Last resort of a scoundral
➡ AGN, SF, Galactic winds?
➡ Why would SFR peak below z=2.3?



Comparison with CDM: I

•fHI(N):  z=3
✦ SAMS: 
‣ Correct shape
‣ Low normalization

✦ SPH
‣ Good at high NHI‣ Very low at low NHI

‣ Under predict l(X)

•fHI(N):  z=4
✦ SPH
‣ Again, low at low NHI‣ Partly observational?

•Fundamental problem?
✦  fHI(N) vs kinematics
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Comparison with CDM: II

•Ωg
✦ SAMS: 
‣ Fine at high z
‣ Too high at low z?
‣ Not enough feedback?

✦ SPH
‣ Low res is excellent‣ High res is too low
‣ Problem?

✦ Eulerian
‣ Too much gas!
‣ Dust obscuration?

SAMS
SPH
Eulerian



Systematic Error: III
•Ωg
✦ Higher toward brighter 

quasars!
✦ Same is true for SNR

•Explanations:
✦ Sample variance?  No
✦ Intrinsic? Unlikely
✦ Missed DLA? Doubtful
✦ Overestimate bright? No
✦ Underestimate faint? 

Maybe
✦ Dust obscuration? NO!!
✦ Gravitational lensing? 

Quite possible!!
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fHI  for Bright/Faint
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Other Metal-line systems

•LLS
✦ Search is underway
✦ z>3.2
✦ Contributes CII, CIV +

•MgII  (Prochter et al.)
✦ Doublet search outside 

the lya forest
✦ ~10000 systems
✦ SNR > 7 sightlines
✦ Large number of FeII lines



Other Fun QAL Systems
•Quasar pair (Joe)
✦ Separation is ~40kpc
✦ Dz is ~0.2

•Observe LLS at the 
foreground redshift
✦ Dv ~ 1000 km/s
✦ 1/10 solar metallicity
✦ ~90% ionized

•What is the covering 
fraction?
✦ What fraction of 

‘intervening’ systems?


